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Abstract : 
Arabidopsis plants were grown in closed cultures similar to 
those used in space experiments. A shift in metabolism from 
photosynthesis to respiration is indicated by the accumulation of 
C02 in the culture atmosphere. Reproductive growth is 
suppressed. Plant growth and development is apparently related 
to the atmospheric volume available to each plant. The 
implications of these findings to CELSS were as follows: 1) need 
for an open culture having ample gas exchange, 2) C02 levels be 
maintained within prescribed limits, 3) the minimum atmospheric 
volume required for each plant is thus dependent on the precision 
of the gas monitors and of the subsystems used used to maintain 
appropriate levels of various atmospheric components, and 4) 
volatiles such as ethylene and terpenes emanating from plants be 
monitored and reduced to benign concentrations. 
Introduction: 
In a controlled ecological life support system (CELSS), the 
fundamental system premise is based on the classic photosynthesis 
reactions of green plants. Plants exposed to light of proper 
wave lengths and intensities convert C02 and water into fixed 
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c a r b o n  compounds w i t h  a  s i m u l t a n e o u s  r e l e a s e  of  02 i n t o  t h e  
- 
a tmosphere .  A s  a r e s u l t  of t h i s  p h o t o s y n t h e t i c  r e a c t i o n ,  t h e  
f i x e d  ca rbon  compounds form t h e  food to be e a t e n  and t h e  up take  
o f  C02 and p r o d u c t i o n  of 02 r e p l e n i s h e s  t h e  a i r  f o r  a s t r o n a u t s .  
The e q u a t i o n  is p r e s e n t e d  below i n  an  incomple te  and s i m p l i f i e d  
form: 
6  C02 + 6 H20 ---3 C6H1206 + 6  02 
T h i s  r e a c t i o n  o c c u r s  under  p l a n e t  e a r t h  c o n d i t i o n s  where t h e  C02 
a t m o s p h e r i c  c o n c e n t r a t i o n  is around 300 ppm and 02 around 20 p e r  
c e n t .  
A s  an example,  l e t  us  t a k e  a  g r e e n  l i v i n g  p l a n t  and p l a c e  it 
i n t o  a small g a s - t i g h t  g l a s s  c o n t a i n e r .  T h i s  c o n t a i n e r  when 
s e a l e d  would have t h e  g r e e n  l i v i n g  p l a n t ,  a  s u p p l y  of a i r ,  water 
and n u t r i e n t s  f o r  t h e  p l a n t .  Being a  c l o s e d  sys t em,  no m a t e r i a l s  
are t a k e n  o u t  or added.  However, e n e r g y  is s u p p l i e d  i n  t h e  form 
o f  l i g h t .  Under t h e s e  c o n d i t i o n s  ,. one would e x p e c t  - f o l l o w i n g  
t h e  above p h o t o s y n t h e s i s  e q u a t i o n  - t h e  p l a n t  t o  p h o t o s y n t h e s i z e  
t a k i n g  up t h e  C02 p r e s e n t  i n  t h e  a tmosphere  u n t i l  C02 is reduced 
t o  a l o w  c o n c e n t r a t i o n .  I n  t h e o r y ,  an a n a l y s i s  of t h e  g a s e s  a t  
t h i s  p o i n t  would be p r e d i c t e d  to  have a s l i g h t  i n c r e a s e  i n  02 
c o n c e n t r a t i o n  w i t h  a c o n c o m i t t e n t  d e c r e a s e  i n  t h e  C02 l e v e l .  I n  
p r a c t i c e ,  t h i s  is n o t  t h e  case. I n  c l o s e d  sys t ems ,  such  a s  t h a t  
d e s c r i b e d ,  C02 was found to  i n c r e a s e  ( H o s h i z a k i ,  1984,  Cowles e t  
a l . ,  1984)  and 02 d e c r e a s e  ( C o w l e s  et a l . ,  1984) .  These r e s u l t s  
a r e  comple te ly  and d i a m e t r i c a l l y  o p p o s i t e  from t h o s e  p r e d i c t e d .  
Thus,  f o r  CELSS being d i s c u s s e d  a t  t h i s  meet ing ,  I b e l i e v e  t h e s e  
r e s u l t s  have high r e l e v a n c e .  
T h i s  paper  w i l l  p r e s e n t  background i n f o r m a t i o n  and v a r i o u s  
t o p i c  m a t t e r s  t h a t  r e l a t e  to  t h i s  c l o s e d  system phenomenon. I n  
t h e s e  d i s c u s s i o n s ,  I w i l l  a t t e m p t  to  r e l a t e  and h i g h l i g h t  t h e  
v a r i o u s  b i t s  of i n f o r m a t i o n  a s  it might a p p l y  to  CELSS. 
P r e v i o u s  Research and R e s u l t s  : 
T i g h t l y  s e a l e d  t e s t  t u b e s  (Hosh izak i ,  1982, 1984)  and s m a l l  
volume growth chambers (Merkys e t  a l . ,  1981) have been used t o  
tes t  t h e  e f f e c t  of space  envi ronment ,  r e a l  or s i m u l a t e d ,  on many 
s p e c i e s  of p l a n t s .  When a t t e m p t s  were made to c a r r y  t h e s e  p l a n t s  
th rough  a  l i f e  c y c l e ,  t h e r e  was a  g e n e r a l  f a i l u r e  to  do so .  T h i s  
was e s p e c i a l l y  t r u e  i n  t h e  S o v i e t  space  e f f o r t s  wi th  t h e  p l a n t  
A r a b i d o p s i s  t h a l i a n a ,  (L .  ) Heynh (Merkys e t  a l . ,  1 9 8 i ) .  It was 
o n l y  u n t i l  a  " v e n t i l a t e d "  open growth chamber was used ,  t h a t  
Merkys e t  a l . ,  1984, were a b l e  t o  s u c c e s s f u l l y  grow a r a b i d o p s i s  
from seed t o  seed .  
Our ground based exper iments  wi th  t h e  same s p e c i e s  had 
i n d i c a t e d  e a r l i e r  t h a t  a  c u l t u r e  sys tem having ample g a s  exchange 
w i t h  t h e  ambient was r e q u i r e d  f o r  growing a r a b i d o p s i s  p l a n t s  from 
s e e d  to  seed i n  v i t r o  ( H o s h i z a k i ,  1 9 8 2 ) .  Whenever t h e  i n  v i t r o  
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c u l t u r e s  were t r u l y  s e a l e d  and c l o s e d ,  having  no g a s  exchange 
w i t h  a m b i e n t ,  t h e  a r a b i d o p s i s  p l a n t s  growing i n s i d e  a lways  f a i l e d  
t o  grow n o r m a l l y  and neve r  set  s e e d s .  Thus, w e  found 1) normal 
v e g e t a t i v e  growth  o c c u r r e d  o n l y  i n  c u l t u r e s  having  g a s  exchange 
w i t h  t h e  s u r r o u n d i n g  ambient  a tmosphere ,  2 )  abnormal  growth 
o c c u r r e d  i n  c l o s e d  g a s - t i g h t  c u l t u r e s ,  3 )  r e p r o d u c t i o n  and 
c o m p l e t i o n  of  the '  l i f e  c y c l e  ( p r o d u c t i o n  of v i a b l e  s e e d s )  o n l y  
o c c u r r e d  i n  c u l t u r e s  having  g a s  exchange wi th  ambient  and 4 )  
g rowth  r a t e ,  s t a g e s  of  l i f e  c y c l e  a t t a i n e d  and f i n a l  s i z e  of  
p l a n t s  i n  c l o s e d  c u l t u r e s  r e l a t e d  to  t h e  a t m o s p h e r i c  volumes 
s u r r o u n d i n g  e a c h  p l a n t .  
The i m p l i c a t i o n  of  t h e s e  r e s u l t s  is t h e  need f o r  small 
c u l t u r e s  to have ample g a s  exchange w i t h  t h e  ambient  a tmosphere  
s u r r o u n d i n g  t h e  c u l t u r e  sys tem.  
W e  i n i t i a l l y  s -pecu la t ed  t h a t  t h e  p r o b a b l e  c a u s e  of t h e  p l a n t  
r e s p o n s e s  w a s  most  l i k e l y  r e l a t e d  to  t h e  i n i t i a l  amount of  C 0 2  
a v a i l a b l e  to  t h e  p l a n t s  i n  t h e  c l o s e d  i n  v i t r o  c u l t u r e .  I n  a 
fo l low-up  e x p e r i m e n t  we measured weekly,  o v e r  an 8-week p e r i o d ,  
t h e  l e v e l  of  a t m o s p h e r i c  C 0 2  i n  c l o s e d  i n  v i t r o  c u l t u r e s  
( H o s h i z a k i ,  1 9 8 4 ) .  A r a b i d o p s i s  s e e d s  were p l a n t e d  one to  e a c h  
66iYiainer  and t h e  -growth and C 0 2  l e v e l s  were r e c o r d e d .  A s  
e x p e c t e d ,  C 0 2  l e v e l s  d e c r e a s e d  a t  t h e  end -of t h e  f i r s t  week w i t h  
t h e  lowest r e c o r d e d  v a l u e  of 147 ppm'. S u r p r i z i n g l y ,  t h e  C 0 2  
l e v e l  i n c r e a s e d  from t h i s  t i m e  on and r e a c h e d  .a l e v e l  o f  0 .  5 , 
p e r c e n t  f o r  t h e  weekly measured c u l t u r e s  and 15 p e r c e n t  f o r  t h o s e  
c u l t u r e s  sampled o n l y  a t  t h e  s t a r t  and end of  t h e  8-week 
e x p e r i m e n t  ( F i g u r e  1).  The p l a n t s  c o n t i n u e d  to grow p r o d u c i n g  
l e a v e s  and e l o n g a t i n g  t h e i r  stems d u r i n g  t h e  p e r i o d  when t h e  C02 
l e v e l s  were a round  0.5 p e r c e n t  or 5000 ppm ( c f  F ig .  1 and Fig.. 2 )  
Why d i d  t h e  C02 l e v e l  rise t o  s u c h  h i g h  l e v e l s ? ,  Did 
p h o t o s y n t h e s i s  s t o p  when C02 l e v e l s  rose above a  c r i t i c a l  l e v e l ?  
, . 
Did t h e  p l a n t s  e n t e r  ,a h e t e r o t r o p h i c  phase  as p r e v i o u s l y  r e p o r t e d  
by Brown e t  a l ,  1979? Ample l i g h t  and a p p r o p r i a t e  t e m p e r a t u r e s  I I 
were b e i n g  g i v e n  t o  t h e s e  p l a n t s .  D o  t h e s e  r e s u l t s  mean t h a t  CO2 
l e v e l s  must  be m a i n t a i n e d  w i t h i n  p r e s c r i b e d  l i m i t s  i f  p l a n t s  are 
t o  grow n o r m a l l y ?  
A t  t h e  end of  t h e  e x p e r i m e n t ,  lower v a l u e s  of C02 were 
measured  b u t  t h e s e  were c o n s i d e r e d  to  be t h e  r e s u l t  of  g a s  l e a k s  
i nduced  by t h e  m u l t i p l e  s ampl ing  t h r o u g h  t h e  r u b b e r  sep tum.  
B a c t e r i o l o g i c a l  tests made' f o r  p o s s i b l e  c u l t u r e  c o n t a m i n a t i o n  as 
a  s o u r c e  o f  t h e  C02 proved  n e g a t i v e .  
A s imi la r  i n c r e a s e  of C 0 2  l e v e l s  was found i n  t h e  s p a c e  s h u t t l e  
(STS-3) e x p e r i m e n t s  where p i n e  s e e d l i n g s  and g e r m i n a t i n g  o a t s  and 
b e a n s  were f lown (Cowles e t  a l . ,  1 9 8 2 ) .  The p i n e  p l a n t s  p l a c e d  i n  
t h e  p l a n t  g rowth  c o n t a i n e r  (PGC) as 4-day o l d  s e e d l i n g s  were t h u s  
p a s t  t h e  i n i t i a l  g e r m i n a t i o n  s t a g e  where h i g h  r e s p i r a t i o n  o c c u r s .  
F i g u r e  1. C o n c e n t r a t i o n  o f  c a r b o n  d i o x i d e  o v e r  a n  8-week p e r i o d  
i n  t h e  a t m o s p h e r e  o f  i n  v i  t r o  c u l t u r e s  c o n t a i n i n g  A r a b i d o p s i s  
t h a l i a n a  ( L . )  Henyh. p l a n t s .  S e e d s  were p l a n t e d  a t  0 week. 
C l o s e d  c u l t u r e s  ( 0 )  were s e a l e d  w i t h  v i n y l i d e n e  po lymer  f i l m  h e l d  
i n  p l a c e  by r u b b e r  bands .  Open c u l t u r e s  (0 )  were p l u g g e d  w i t h  
p o l y u r e t h a n e  foam permi t t i n c j  a i r  exchange  w i t h  a m b i e n t .  Each 
v a l u e  r e p r e s e n t s  t h e  mean + s t a n d a r d  error o f  C02 c o n c e n t r a t i o n  
d e t e c t e d  i n  40 p 1  s a m p l e s  drawn f rom t h e  head  s p a c e  of c u l t u r e s .  
Open c u l t u r e  v a l u e s  f o r  0 week and 8 weeks are f rom 4 c u l t u r e s .  
C l o s e d  c u l t u r e  v a l u e s  for 0 week are also from 4 c u l t u r e s .  A l l  
o t h e r s  are f rom 2 c u l t u r e s .  The s o l i d  l i n e  drawn f rom week 3 to  
week 8 r e p r e s e n t s  t h e  assumed c u r v e  f o r  c u l t u r e s  sampled  o n l y  a t  
t h e  b e g i n n i n g  and a t  t h e  end  o f  t h e  e x p e r i m e n t .  
WEEKS 
F i g u r e  2. Growth and r e p r o d u c t i o n  r e s p o n s e  o f  A r a b i d o p s i s  
t h a l i a n a  ( L . )  Henyh p l a n t e d  as a s e e d  and grown o v e r  an  8-week 
p e r i o d  i n  open  ( 0 )  or c l o s e d  (s) i n  v i t r o  c u l t u r e s .  A. P l a n t  
h e i g h t  i n  mm and t o t a l  number o f  f e r t i l e  s e e d  pods  ( ) c o u n t e d  on 
p l a n t s  o f  e a c h  t r e a t m e n t .  Depth o f  a g a r  medium i n  t h e  c u l t u r e  
t u b e s  w a s  a round  50 mrn t h u s  l e a v i n g  150 mrn for  stem g r o w t h .  B. 
Number o f  l e a v e s  p e r  p l a n t .  Leaves  w i t h  l e n g t h  s h o r t e r  t h a n  2 mm 
were e x c l u d e d  f rom t h e  c o u n t .  Each v a l u e  r e p r e s e n t s  t h e  mean 
d e r i v e d  f rom 4 c u l t u r e s .  * * * ~ i f f e r e n c e  be tween  c l o s e d  and open  
c u l t u r e s  a t  P <0.001.  
These  p l a n t s  were g r e e n  and under  l i g h t  i n t e n s i t i e s  p rov ided  
o a t s  and bean p l a n t s  
t h e  8-day f l i g h t  
t o  be c a p a b l e  of 
1 .41  t o  4.92 p e r c e n t  
t o  4.07 p e r c e n t  i n  
g round  c o n t r o l s  a t  t h e  end of  ' 8 days .  The C02 s o u r c e  was 
I a t t r i b u t e d  to  r e s p i r a t i o n .    he 02 l e v e l s  which were i n i t i a l l y  I 24.1  t o  24.5 p e r c e n t  i n  t h e  ' f l i g h t  c o n t a i n e r s  d e c r e a s e d  to  9.7 to  I 1 6 . 3  p e r c e n t .  S i m i l a r  d i f £ e k e n c e s  weri found i n  t h e  ground 
c o n t r o l s .  I f  one assumes a 1:l s t o i c h i o m e t r y  of  02 u p t a k e  to C02 
p r o d u c t i o n  i n  r e s p i r a t i o n  , a d i s c r e p a n c y  a p p e a r s  i n  t h e  amount 
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o f  C02 found .  A t  t h i s  t i m e ,  'one can  o n l y  t o  s p e c u l a t e  a b o u t  t h e  
. I n  t h e  a r a b i d o p s i s  c l o s e d  -. i n  v i t r o  c u l t u r e s ,  a 15  p e r c e n t  
C0.2 l e v e l  was measured.  I t  was s p e c u l a t e d  ( H o s h i z a k i ,  1984)  t h a t  
an. e thylene-C02 f e e d b a c k  o c c u r r e d  r e s u l t i n g  i n  a h i g h  p r o d u c t i o n  
o f  C02 by t h e  p l a n t s .  I n  a c l o s e d  sys tem such  as CELSS, t h e  same 
volume o f  a i r  would be r e t a i n e d  . f o r  t h e  d u r a t i o n  of  t h e  m i s s i o n .  
U n l e s s  s t e p s  were t a k e n  t o  remove such compounds, it is more t h a n  
l i k e l y  t h a t  a s imilar  r e s p o n s e  might  occur .  I n  t h e  STS-3 
e x p e r i m e n t ,  e t h y l e n e  was d e t e c t e d .  i n  one of t h e  PGC (Cowles e t  
a l . ,  1 9 8 4 ) .  
Thus, t h e r e  a p p e a r s  to be a need to  c a r e f u l l y  moni to r  t h e  
l e v e l s  of v o l a t i l e s  such a s  e t h y l e n e  and t e r p e n e s  and d e v e l o p  
s y s t e m s  to  s c r u b  t h e s e  t y p e s  of  compounds from t h e  atmosphere.  
Volume R e l a t i o n s h i p  R e l a t i v e  t o  P l a n t  M a t e r i a l  : 
The r e s u l t s  of a i r  volume/closed c u l t u r e  exper iments  
performed wi th  a r a b i d o p s i s  i n d i c a t e  t h a t  a minimum volume of 
a tmosphere  t o  p l a n t  biomass may e x i s t  ( H o s h i z a k i ,  1 9 8 4 ) .  Below 
t h i s  volume, abnormal growth and m e t a b o l i c  r e s p o n s e s  may o c c u r .  
Two c l o s e d  sys tems,  t h e  STS-3 PGC and t h e  s e a l e d  t e s t  t u b e s  w i l l  
now be compared. Mung bean s e e d s  were p l a n t e d  i n  t h e  PGC (Cowles 
e t  a l . ,  1984)  and a r a b i d o p s i s  s e e d s  i n  t h e  s e a l e d  test t u b e s  
( ~ o s h i z a k i ,  1 9 8 4 ) .  Seed volumes a r e  e s t i m a t e d  from measurements 
t a k e n  of d r i e d  seeds .  These a r e  o n l y  approximate  and a r e  
p r e s e n t e d  f o r  t h e  purpose  of  d e m o n s t r a t i n g  broad g e n e r a l i t i e s .  
P r e c i s e  volumes a r e  n o t  impl ied .  Tab le  1 compares t h e  t w o  c l o s e d  
p l a n t  growth systems.  The PGC wi th  mung beans is f a r  and above 
over- loaded i n  terms of biomass a s  compared to  t h e  s e a l e d  t u b e  
w i t h  a r a b i d o p s i s .  Th i s  is expec ted  s i n c e  t h e  PGC. was d e s i g n e d  f o r  
s h o r t  d u r a t i o n  m i s s i o n s ,  whereas t h e  a r a b i d o p s i s  c u l t u r e  was 
s e l e c t e d  f o r  long term seed  p r o d u c t i o n  exper iments .  The 
a r a b i d o p s i s  system used h e r e  f o r  comparison d i d  p e r m i t  t h e  
a r a b i d o p s i s  p l a n t  to comple te  i ts  l i f e  c y c l e .  However, t h e  s e e d  
p r o d u c t i o n  was low. The e s t i m a t e d  v a l u e  of 550 l i t e r s  r e q u i r e d  
a s  a i r  volume to  grow mung beans to  seed i n  a c l o s e d  sys tem is 
p r e s e n t e d  t o  g i v e  t h e  r e a d e r  a g r a s p  of t h e  volume of a i r  
TABLE 1. 
COMPARISON OF 2  CLOSED PLANT GROWTH SYSTEMS 
(1) ( 2 )  
Plant Growth Sealed 
Container Test Tube 
Plant 
Atmospheric volume of 
container - cm3 
No. of plants in 
container 
Atmospheric volume 
per plant - cm3 
(3 
Dry seed 
volume - cm3 
Mung bean Arabidopsis 
(4) 
Atmospheric volume 
required by one plant 
for seed production - cm3 550 X 103 
(1) Cowles et al., 1984, ( 2 )  Hoshizaki, 1984, (3) Volume 
estimated from measuring the length, width and thickness of a dry 
seed, (4) Volume of air required for mung seed production in a 
closed system as estimated from values obtained from arabidopsis 
data. 
r e q u i r e d .  The use  of t h e  ve ry  s m a l l  seeded a r a b i d o p s i s  p l a n t  
t e n d s  to mis lead  i n v e s t i g a t o r s  i n  judging media and g a s  volume 
r e q u i r e m e n t s .  
Volume Requirements  R e l a t i v e  to  C02 and t h e  CELSS P l a n t  Growth 
Chamber : 
Two c l o s e d  sys tems of v a s t l y  d i f f e r e n t  s i z e s  w i l l  be used to 
d i s c u s s  volume e f f e c t s  of C02. The p l a n e t  e a r t h  and a 4-person 
CELSS u n i t  w i l l  be compared. The 97 p e r c e n t  food c l o s u r e  u n i t  of 
CELSS is s e l e c t e d  f o r  o u r  example, and such a system w i l l  have 
o n l y  3 p e r c e n t  of t h e  food p rov ided  by drawing from stores or 
o b t a i n e d  by re-supply  (Gustan and Vinopal  , 1982 ) . 
The r e s t  of t h e  food,  97 p e r c e n t ,  w i l l  be produced i n  t h e  
CELSS u n i t  by r e c y c l i n g  m a t e r i a l s  w i t h i n  t h e  space  h a b i t a t i o n  
u n i t .  The comparison is made between p l a n e t  e a r t h  and t h e  
d e f i n e d  CELSS system to a g a i n  h i g h l i g h t  t h e  magnitude of change 
imposed on p l a n t s  growing i n  a c l o s e d  system; and c o n v e r s e l y  to  
h i g h l i g h t  t h e  b i o l o g i c a l  demands p l a c e d  on such a CELSS p l a n t  
growth chamber. 
The v a l u e s  e n t e r e d  i n  Tab le  2 were d e r i v e d  from v a r i o u s  
s o u r c e s  and a r e  expressed  i n  a manner a s  to s i m p l i f y  compar isons .  
-. 
F o r  t h e  p l a n e t  e a r t h ,  t h e  C02 t u r n o v e r  p e r i o d  is e s t i m a t e d  to be 
between 5 and 1 0  y e a r s .  Only t h e  carbon exchange between t h e  
TABLE 2 
EFFECT OF PLANT C02 UPTAKE ON EARTH AND CELSS ATMOSPHERES 
; . , ->P lan t  
e a r t h  
4 p e r s o n  
CELSS 
Atmospher ic  volume - ~3 4 .3  X 1018 ( l )  1.5  X 102 ( 2 )  
C02 t u r n o v e r  t i m e  
Supp ly  l e f t  a f  t e r  
o n e  min 
5- lo* y e a r s  ( 3 )  
5-10 y r  s u p p l y  
no d e t e c t a b l e  
change  
45 min ( 4 )  
44 min s u p p l y  
-2% d e c r e a s e  
(1) E s t i m a t i o n  based  on a i r  h e i g h t  be ing  7600 m when a l l  a i r  is 
a t  one  a tmosphere  p r e s s u r e ,  ( 2 )  Gustan and Vinopa l ,  1982,  ( 3 )  
Emanuel e t  a l . ,  1984,  ( 4 )  T i b b i t t s  and Kr izek ,  1978. *Only 
c a r b o n  exchange  between e a r t h  a tmosphere  and t e r res t r ia l  p l a n t s  
are  c o n s i d e r e d  f o r  s i m p l i f i c a t i o n  and t h e  most c o n s e r v a t i v e  t i m e  
estimates were used .  I n c l u s i o n  of  c a r b o n a t e s  i n  t h e  ocean  and 
o t h e r  c a r b o n  s o u r c e s  w i l l  g r e a t l y  i n c r e a s e  t u r n o v e r  t i m e .  
b 
e a r t h ' s  a tmosphe re  and t h e  terres t r ia l  p l a n t s  were c o n s i d e r e d  to 
s i m p l i f y  t h e  d i s c u s s i o n  and t h e  most c o n s e r v a t i v e  t i m e  estimates 
were used .  The v a l u e s  used were o b t a i n e d  and t h e n  m o d i f i e d  f rom 
Emanuel e t  a l . ,  1984.  I n c l u s i o n  o f  t h e  c a r b o n a t e s  i n  t h e  ocean  
and  o t h e r  s o u r c e s  w i l l  g r e a t l y  i nc ; e i s e  t h e  t u r n o v e r  t i m e .  On 
t h e  o t h e r  hand ,  t h e  CO2 t u r n o v e r  t i m e  i n  CELSS is p r o j e c t e d  t o  be 
45 min u s i n g  v a l u e s  c a l c u l a t e d  from t h e  pu l ldown of C02 i n  a 
r e a c h - i n  growth  chamber f rom 320 t o  306 ppm i n  2  min by 
b u t t e r h e a d  l e t t u c e  ( T i b b i t t s  and K r i z e k ,  1 9 7 8 ) .  I n  one  min t h e r e  
w i l l  be a 6-7 ppm d e c r e a s e  i n  t h e  C02 s u p p l y  which must  t h e n  be 
d e t e c t e d  and r e p l e n i s h e d  by t h e  CELSS g a s  d e t e c t i o n  and 
c o n c e n t r a t i o n  m a i n t e n a n c e  u n i t .  A + 20 ppm v a r i a n c e  c a n  be  
t o l e r a t e d  by p l a n t  b u t  t h i s  w i l l  more t h a n  l i k e l y  r educed  h a r v e s t  
y i e l d .  F o r  t h e  a tmosphe re  o f  e a r t h ,  t h e r e  w i l l  be no d e t e c t a b l e  
g l o b a l  change  a f t e r  one  min s i n c e  t h e  CO2 t u r n o v e r  t i m e  is 
e s t i m a t e d  a t  5-10 y e a r s .  A l a r g e  b u f f e r  sys t em f o r  C02 t h u s  
e x i s t s  f o r  t h e  p l a n t s  of  e a r t h .  I n  a CELSS, such  a b u f f e r  is 
n o n - e x i s t e n t .  F u r t h e r m o r e ,  t h e  g r e a t e r  t h e  p l a n t  b iomass  is to  
t h e  CELSS a t m o s p h e r i c  volume, t h e  g r e a t e r  w i l l  be t h e  r e p l a c e m e n t  
ra te .  These  a r e  e n g i n e e r i n g  p rob lems ,  b u t  it d o e s  i n d i c a t e  t h e  
p o s s i b i l i t y  of r a p i d  changes  i n  C02 l e v e l s  i n  a r e l a t i v e l y  s h o r t  
t i m e  f rame.  From t h i s ,  t h e  minimum a t m o s p h e r i c  volume r e q u i r e d  
f o r  e a c h  p l a n t  i n  a  CELSS w i l l  depend i n  p a r t  on t h e  p r e c i s i o n  - o f  
t h e  C02 g a s  m o n i t o r  and t h e  s u b s y s t e m s  r e p l e n i s h i n g  t h e  C02 g a s .  
a 
PROTOTYPE PLANT GROWTH CHAMBER OF CELSS QUALITY: 
P l a n t  growth  chambers i n  u s e  today  a r e  g e n e r a l l y  ve ry  
l e a k y .  For  a  r e a c h - i n  chamber,  a l e a k a g e  r a t e  e q u a l  t o  30 
p e r c e n t  of t h e  i n t e r n a l  volume i n  5 min have been measured 
( T i b b i t t s  and K r i z e k ,  1 9 7 8 ) .  Even chambers s p e c i f i c a l l y  d e s i g n e d  
f o r  g a s  exchange s t u d i e s  w i l l  f a l l  s h o r t  of t h e  r e q u i r e m e n t s  f o r  
a CELSS t y p e  s t u d y  where t h e  i n t e g r i t y  of t h e  sys t em would have 
t o  be m a i n t a i n e d  f o r  months. S e a l i n g  a chamber hav ing  m u l t i p l e  
p o r t s  and u t i l i t y  l i n e s  to  CELSS q u a l i t y  would r e q u i r e  s p e c i a l  
knowledge and s k i l l s .  However, w i t h  r e c e n t  advances  i n  space  
t e c h n o l o g y  and m a t e r i a l s ,  such  a  CELSS chamber may now be 
f e a s i b l e .  
The p r o t o t y p e  CELSS chamber would have t o  have t h e  
c a p a c i t y  of  m a i n t a i n i n g  t h e  g a s  r a t i o s  i n  t h e  a tmosphere  a s  t h e  
p l a n t s  grow t h r o u g h  t h e i r  l i f e  c y c l e  and f i l l  t h e  chamber. O t h e r  
p l a n t  r e q u i r e m e n t s  such  as t e m p e r a t u r e ,  l i g h t ,  w a t e r  and 
n u t r i e n t s  w i l l  a l s o  have to  be a v a i l a b l e  w h i l e  m a i n t a i n i n g  t h e  
i n t e g r i t y  o f  t h e  g a s  s e a l s .  E t h y l e n e ,  t e r p e n e s ,  C02, 02 and 
o t h e r  compounds t h a t  a r e  g i v e n  o f f  by p l a n t s  w i l l  have t o  be 
m o n i t o r e d  and e x c e s s e s  abso rbed  or ma in ta ined  a t  benign  
c o n c e n t r a t i o n s .  I n  a d d i t i o n  to  having  t o  meet a l l  of t h e s e  
r e q u i r e m e n t s ,  t h e  more s t r i g e n t  r e q u i r e m e n t  w i l l  be t h a t  no 
m a t e r i a l s ,  s o l i d s ,  l i q u i d s  or g a s e s ,  can  be added or removed. 
With such  a  sys t em,  i t  may be p o s s i b l e  to f u l l y  u n d e r s t a n d  t h e  
requirements for growing several species of plants singly and 
simultaneously in a CELSS for a long period of time. Perhaps 
plant growth systems such as that built by Schwartzkopf and 
Stofan, 1981, could be used as a starting point for the design of 
an upgraded second generation system that would fulfill the CELSS 
requirement. 
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